consists of a circular disk with a buckets evenly spaced round its periphery. The buckets have a shape of double semi-ellipsoidal cups. Each bucket is divided into symmetrical parts by a sharp-edged ridge known as splitter.
contained within the region must be equal to the difference between the rate at which the fluid mass enters the region and the rate at which the fluid mass leaves the region. However, if the flow is steady, the rate of increase of fluid mass within the region is equal to zero, then the rate at which the fluid mass enters the region is equal to the rate at which the fluid mass leaves the region.
Momentum Equation
According to Newton's Second Law of motion, inertia force acting on a body in any direction is equal to resultants of all body and surface forces in that direction.
Energy Equation
Energy equation is obtained by multiplying the equation of momentum by velocity components in each coordinate direction and then adding and integrating over the volume
Flow through Nozzle
A nozzle is a gradually converging short tube which is fitted at the outlet and of the penstock for the purpose of converting the total energy of the flowing water into kinetic energy. Nozzles are used where high velocities of flow are required to be developed. In impulse turbines, it is required to convert whole of hydraulic energy into kinetic energy. 
Principle of Conservation of Energy
It states that "Energy can neither be created nor destroyed". On the basis of this principle the energy equation is derived.
Principle of Conservation of Momentum
It states that "The impulse of the resultant force, or the product of the force and time increment during which it acts is equal to change in momentum of the body". Momentum equation is derived on this basis.
Continuity Equation
The rate of increase of the fluid mass
The nozzle is horizontal and the nozzle axis is assumed as datum for elevation and hence head at nozzle is given by, ... (2) Head loss in nozzle is given by, ... Computers are used to perform the millions of calculations required to simulate the interaction of liquids and gases with surfaces defined by boundary conditions. Even with high-speed supercomputers only approximate solutions can be achieved in many cases. Ongoing research, however, may yield software that improves the accuracy and speed of complex simulation scenarios such as transonic or turbulent flows. Initial validation of such software is often performed using a wind tunnel with the final validation coming in flight test.
Geometric modeling Modeling
The modeled assembly of nozzle for pelton turbine consists of nozzle (pipe of converging crosssectional area), spear and a free surface flow domain. The modeled assembly consists of inlet, nozzle, spear and outlet. The modeled assembly of free surface flow domain consists of extended outlet. The modeling has been done in ANSYS Workbench 10 and ANSYS ICEM CFD 10. The 3D-view of spear is shown in fig. Complete isometric view of the nozzle, spear and free surface flow 
Mesh generation
The geometry made is divided into small sub parts for CFD analysis called mesh and the process is called meshing. The shape of the mesh elements can be triangular, quadrilateral, tetrahedral, hexahedral or prism depending upon the size and shape of the geometry. The shape and size of the mesh elements can be varied and are kept according to the dimension of the geometry, accuracy required, computational power of the system and memory. The complete nozzle flow space is divided into two domains and the mesh is generated.
The meshing of nozzle and spear domain has been done at different spear shapes and the meshing of nozzle spear domain for fillet spear shape has been shown in fig. The summary of meshing data for each surface has been described in table
Domain and Interface Properties
The mesh is converted into the required format and is imported to ANSYS CFX-10 software. In ANSYS CFX-Pre the properties of the domains and fluid are defined along with their interface properties. The summary of the domain 1 properties are given in table 5.13.
Boundary Conditions
The boundary conditions are applied at the inlet and outlet surfaces of the domains. 
Inlet Boundary Condition
The mass flow rate and its direction with normal direction to the inlet surface i.e., at inlet of nozzle domain is applied. Turbulence is set to medium intensity (upto 5%).
Outlet Boundary Condition
The reference pressure at the outlet of the external domain was set equal to 1 atmospheric. Wall Conditions: The walls of all the domains are assumed to be smooth and no slip condition is assigned.
Turbulence Model: k-C model used Solver Specific Blend Factor with 0.9 value has been used for up to 200 iterations. The timescale control is set to Auto Timescale. The RMS residual target has been set to 1x10E-7 for termination of the calculations.
Post Processing 3D-Streamlines of velocity and pressure contours starting from inlet of the nozzle can be seen in all the domains. Using the function calculator in tools average values of various parameters like the velocity, pressure, area, mass flow rate at the boundaries and the required domain can be found out for computation of loss, pressure and velocity coefficients.
The outlet velocity and the head loss increases with the increase in mass flow rates for the same spear as seen in Tables 6.1. The head loss coefficient decreases gradually as mass flow rate for spear increasing from 3952.12 kg/sec to to 4940.15 kg/sec as seen in Fig.6.1 The coefficient of discharge has least value at mass flow rate of 5928.18 kg/s .and coefficient of velocity have least value at mass flow rate 3952.12 kg/sec Coefficient of pressure decreases with increase in mass flow rate from 2412.74 kg/sec to 3619.11 kg/sec.
Head loss increases with increase of mass flow rates for the second spear as seen in Tables  6.2 It is maximum at 4940.15 kg/sec mass flow rate and start decreases when mass flow rate increasing to 5928..18 kg/sec . head loss coefficient start decreasing as mass flow rate increasing, as shown in fig 6. 2.
Coefficient of velocity increases as the mass flow rate are increases it it 0.8098 at 3952.12 kg/sec and increases to 0.8107 when mass flow rate increases to 4940.15 kg/sec and again increases to 0.8116 when mass flow rates increases to 5928.18 kg/sec .
Coefficient of pressure decreases gradually as mass flow rate are increses it is o.9608 when mass flow rate is 3952.12 kg/sec and decreases to 0.9598 when mass flow rate increases to 4940.15 kg/sec and again decreases to 0.9596 when mass flow rate increases to 5928.18 kg/sec .
Coefficient of discharge decreases as the mass flow rate increses gradually it is max for mass flow rate 3952.12 kg/sec and minimum for mass flow rate 4940.15 kg/sec .and by increasing mass flow rate to 5928.18 kg/sec it is partially increases as from 0.67038 to 0.6706.
Head loss increases with the increase in mass flow rates for the spear as seen in Tables 6.3 and Head loss coefficient decrease when mass flow rate increasing from 3952.12 kg/sec to 5928.18 kg/sec from 0.0310 to 0.0304 respectively .
Coefficient of velocity decreases as mass flow rate increases from 3952.12 kg/sec to 5928.18 kg/sec.
Coefficient of pressure decreases as mass flow rate increases from 3952.12 kg/sec to 5928.18 kg/sec.
Coefficient of discharge increases gradually from 3952.12 kg/sec mass flow rate to 4940.15 kg/sec as from 0.6404 to 0.64094 and it is decrease when mass flow rate increases to 5928.18 kg/sec to 0.64093.
Graphical plots
Pressure contours and velocity stream lines were obtained using insert contour and insert streamline commands of menu bar in ANSYS CFXPost. Pressure contours and velocity stream lines for each geometry at different spear shape varying mass flow rate has been shown under.
First spear

Streamline pattern
Pressure conture
This streamline flow shows that after nozzle outlet streamline start conversing to a point that is vina contracta and after that streamline start spreading, in the inner region red stream line shows higher pressure and uniformly distribution of streamline shows high velocity and in the outlet part of free surface domain streamline are not uniformly distributed that shows less velocity and yellow and green line streamline shows less pressure distribution shown in At the outlet of nozzle strip of blue color shows less pressure distribution and it is increasing towards inlet of nozzle,difference between this and previous nozzle spear domain is that in this case pressure is suddenly increasing and long area of red strip shows that pressure is high in most of the part of nozzle
CONCLUSION
In this dissertation Computational Fluid Dynamics (CFD) approach has been used to predict the performance of different shape of spear at different mass flow rates and nozzle openings.
The pressure at the inlet of the nozzle and spear increases with the increase in mass flow rate for the same spear shape .The pressure is maximum for the second spear and nozzle geometry at the 5928.18 kg/sec mass flow rate at the inlet and it is minimum for the first spear and nozzle with 3952.12 kg/sec mass flow rate.
The pressure at the outlet is nearly equal to atmosphere as the jet is issued freely in air. The outlet velocity of the jet is higher than the inlet velocity of the fluid which shows that the pressure energy is being converted into kinetic energy.
The coefficient of pressure is max for second spear (0.9608) having mass flow rate 3952.12 kg/sec.
The velocity increases with the increase in mass flow rates from 3952.12 to 5928.18 kg/sec at the inlet and at the outlet for all spear because of constant area.
The coefficient of velocity is maximum for the first spear (0.8998) having 4940.15 kg/sec mass flow rate.
The coefficient of discharge is maximum for the first spear (0.789755) having 4940.15 kg/ sec mass flow rate.
The streamlines converge slowly for third shape spear nozzle geometry but for second and first spear nozzle geometry streamlines converge sharply as these has sharp curvature as seen in Figures Due to sharp curvature, the pressure at outlet of the third spear nozzle geometry is more than the pressure at outlet of the first and second spear geometry.
The third spear nozzle geometry has the highest head loss coefficient (0.0310) among all the three geometry. The computation and comparison of different flow coefficients of various geometric configurations using CFD will help to optimize the nozzle and spear shape.
In present case it may be concluded that 1 st spear is better than the other two spears.
Pressure distribution across cross section area
It is observed that pressure is highest at inner periphery and decreases towards outer side,
The pressure distribution on a plane at the highest curvature point of spear shows that pressure is minimum at the inner periphery and increases towards outer periphery.
It is also seen that as the mass flow rate increases pressure values at any point on any cross section area increases.
